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SUMMARY 

An investigation vas conducted in the NACA Lewis 8- hy 6-foot 
supersonic wind trinnel to determine the force arw^ pressure character- 
istics of an all -external compression inlet having a conical spike and 
a supersonic cowl lip. Measurements of lift, drag, pitching moment, 
and internal and external pressures were made at free -stream Mach 
numhers of 1.59, 1.79, and 1.99 for a range of mass -flow ratios 
angles of attack to 10°. The average Eeynolds number "based on inlet 
diameter was 2,300,000. 

The drag increased rapidly with decreasing mass flow as a conse- 
g.uence of the increase in additive drag. The drag rise due to angle 
of attack resulted primarily from an increase in the normal force. 

At zero angle of attack, adeq.uate theoretical predictions were of 

the additive drag, friction drag, and at shock-swallowed conditions, 
the pressure drag. 

The total -pressure recovery was in general only sll^tly reduced 
"by increases in angle of attack to 10°. 


INTRODUCTION 

A general study of the aerodynamic characteristics of a series 
of nose inlets suita"ble for supersonic ram- Jet engines was conducted 
in the Lewis 8- "by 6-foot supersonic wind tunnel. This report presents 
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the results of an investigation of a conical -spike inlet designed to 
give all -external compression and having a supersonic cowl lip. The 
perfoimanoe of two other inlets is discussed in references 1 and 2. 

The purpose of the investigation was to obtain force, moment, 
and pressure data, and when possible to compare the experimental results 
with theory. Data were obtained for a range of mass- flow ratios and 
angles of attack at free-stream Mach numbers 1.59, 1.79, and 1.99. [Rie 
Eeynolds number based on inlet diameter varied from 2.0 to 2.4 x 10®. 


SYMBOLS 

The following symbols are used in this report: 

Ojj drag coefficient, 'D/q_Q^ 

Gf friction drag coefficient, based on wetted area 
Cl lift coefficient, L/q.oSjj^ 

Cm pitching-moment coefficient, about the base of the model, 

Cp pressure coefficient, p-Po/oo 
D drag 

d diameter at area of maxlmiim cross section, 8.125 inches 
Gr pitching moment about base of model 
L lift 

2 length of model, 58.66 (in.") 

M Mach number 

'COrt/mfs mass -flow ratio, 

P total pressure 

p static pressure 

q. dynamic pleasure, 7 pM ^/2 
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Re Reynolds number 

S area 

Sc inlet capture area defined by cowl lip, 0.1674 (sq. 
Sin, masimum cross-sectional area, 0.3601 (sg. ft^ 

U Telocity 

u Telocity in boundary layer 
Tx aacial perturbation Telocity 
x,r,9 cylindrical coordinates 
y distance from model surface 
a angle of attack 

y ratio of specific beats, 1.40 

8 boundary-layer thickness 
p mass density 

Subscripts : 
a additiTe drag 

f friction 

I local condition in boundary layer 
p pressure 

8 conditions at outer edge of boundary layer 

0 free stream 

1 cowl lip 

2 station at 7.00 inches downstream of cowl lip 

3 combustion-chamber inlet 
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APPARATUS AND PROCEDURE 

A schematic assemhly of the model is shown in figure 1(a). 

The apparatus is similar to that employed in reference 1 except for 
the inlet, which is detailed in figure 1(b). The inlet was designed 
so that the oblique shock would intersect the ' cowl lip at a Maoh 
number of 1.80. The cowl lip had a relatively sha^ supersonic 
profile designed to be approximately tangent to the streamlines 
Immediately behind the oblique shock at a Mach number of 1.00. 

Two models designated A and B were investigated. Model A had 
an internal contraction ratio of 1.04. With this contraction, 
internal choking occurred at Mach nmber 1.79 due to the growth of 
boundary layer, which prevented the normal shock from being swallowed. 

In order to help alleviate this condition, the spike contoin* of model B 
was subtly reduced from that of model A, as shown by the model coordi- 
nates presented in table I. In addition to the spike-contour modifi- 
cation, the length of the support struts was decreased 2^ inches. The 
same cowl was used for both models . 

» 

Shown in figure 2 is the longitudinal variation of the ratio of 
the local annular area (based on an average of sxirface normals) to 
the area of the simulated combustion chamber. The aforementioned 
modification in spike contour and support-strut length can be seen » . 

in this figure. 

The model instrumentation and the experimental techniques were 
similar to those described in reference 1. The location of the static- 
pressure orifices are given in table II. I^ow stations are defined 
in figure 3. 

The internal mass -flow rate was computed by using the average ^ 

total pressure measured at the combustion-chamber inlet and assuming ~ 

Isentropic flow to the minimum geometric area at the tail plug where 
choking occurred. A correction factor of 0.97 (determined from shock- 
swallowed operation) was applied to all mass -flow calculations. 

Data were obtained for a range of mass flows and at angles of 
attack from 0° to 10°. Pressure data were obtained at Mach numbers , 

1.79 and 1.99 using model A. Force and moment characteristics were 
determined at Mach number 1.79 with model A and at Mach numbers 1.59, 

1.79, and 1.99 with model B. 
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5. 


EISULTS AMD DISCIBSION 
Exbernal-Plow CJliaracteristics 

Zero angle of attack. - 0!he variation of total drag coefficient 
Cd witti mass -flow ratio m 3 /mo for model B is presented in figure 4 
for the three Mach numbers of the investigation. Unless otherwise 
noted, all external -pressure data are presented for model A arid all 
force data for model B. The drag represents all the forces external 
to the entering stream tube and the model shell. 

With decreasing mass -flow ratio, the drag coefficient Increased 
rapidly at a rate that increased sli^tly with free -stream Mach number. 
The increase in drag coefficient at critical mass -flow ratio with 
decreasing Mach number, shown in figure 5, was in part due to the 
increased spillage that accompanied a decrease in the Mach number. 

External and internal pressure distributions are presented in 
tabular form, in tables IH to Y. The longitudinal external-pressure 
distribution for a range of mass-flow ratios at Mach numbers 1.79 and 
1.99 is shown in figure 6 . Ebcpansion of the flow around the inlet 
increased with increasing mass spillage. The most pronounced vari- 
ations of pressures extended only approximately 2 diameters downstream 
of the lip. 

The decrease in pressure coefficient at x/d "S’ 4.00 was caused by 
expansion of the flow as a result of the change in model contour from 
a conical to a cylindrical section. At x/d 1.22 the decrease was 
the result of the Joint between the cowl and the afterbody, whereas at 
Mq = 1.99 the decrease in pressure coefficient for x/d 'S' 3.25 resulted 
from a weak tunnel disturbance. Close agreement with linearized 
potential theory (valid only for shock-swallowed conditions) is shown 
for m 3 /mo'= 1.0 at Mq = 1.99 and for ms/mQ = 0.940 at Mq = 1.79. 

The theoretical computations neglected the influence of the bow shock 
at the cowl llp^ inasmuch as the region affected' was of ex'tremely 
limited extent relative to the model length. 

The pressure drag coefficient evaliiated from ah integration 

of the external pressures at various mass-flow ratios, is. presented in 
figure 7 . The reduction of cowl pressures with increasing spillage 
resulted in an actual thrust force at mass -flow ratios less than approxi- 
mately 0.70. Comparison of the experimental and theoretical pressure 
drags shows good agreement at Mo = 1.99 for ms/mo “1.0. Ex-trapo- 
lation to ms/mo = 1*0 for da'ta at , “ 1.79 also indicates good 

agreement with theory. 
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Typical radial distributions of local Mach number^ measured by 
the boundary-layer rake at station 51.03, are shown in figure 8 for 
a range of mass -flow ratios at free -stream Mach numbers of 1.79 and 
1.99. The Mach numbers were calculated from the Eayleigjh eq.uation 
by assuming adiabatic flow at free-stream total ts3irperature and 
uniform radial static presstare at the measured surface value. Local 
Mach numbers greater than free stream were a conseq.uence of surface 
static pressures at the rake that were sli^tly less than ambient 
(fig. 6). As discussed in reference 3, the form of the profiles and 
their displacement with mass -flow variation is associated with the 
total-pressure losses due to flow throu^ the bow shock wave. The 
method of reference 3 w£is employed to isolate the bow shock losses 
from the total losses measured at the individual rake tubes . The 
boundary -layer thicknesses 8 were consequently determined to extend 
to the rapid change in slope of the profiles (shown by arrows in 
fig. 8). For these values of 8, the dimensionless velocity profiles 
are shown in figure 9 to vary according to the l/? power law. 

Calculation of tiLe decrement of momentum in the boundary layer 
yielded the friction drag coefficient, which is shown in figure 10 
to be essentially independent of mass flow and free-stream Mach number. 
Good agreement is indicated in figure 11 between the average value of 
skin friction coefficient of 0.0018 (baaed on wetted area) and the 
von Kairman tirrbulent compressible theory for flat plates (reference 4). 
Indicated Beynolds numbers are based on free-stream conditions and the 
length of the external model shell ahead of the rake. 

The variation of additive -drag coefficient with mass -flow ratio 
is shown in figure 12 . Additive drag was obtained from a momentum 
balance (applied to the flow between flow stations 0 and 2), which 
included the contribution of the measured pressures along the spike 
and the cowl. The momentum at station 2 was obtained from the cor- 
rected mass flow and the measured static pressure. The additive drag 
increased rapidly with decreasing mass-flow ratio and increased 
slightly with Mach number at a given mass-flow ratio. The sli^tly 
negative values at ms/mo =1-0 for Mq = 1*99 may be partly ascribed 
to a neglect of viscous effects. Excellent agreement was obtained 
with the one-dimensional theory of reference 5. 

The sum of the drag camponents evaluated from the pressure data 
of model A is compared in figure 13 with the total drag obtained from 
force measurements of model A and B at Mq = 1.79 and of model B at 
Mq * 1.99. The friction drag was modified from the value given in 
figure 10 to account for the model length downstream of the boundary-' 
layer rake. Good agreement is shown for model A at Mq «= 1*79. At 
Mq = 1.99 the measured drag of model B was less than the summarized 
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component drags of model A. Because model A eziilBited greater drag 
values than did model B at Mq = 1.79, however, It is presumed that 
good agreement would result at Mq = 1.99 from comparison of the same 
model. Figure 13 shows that for either model the additive drag was 
directly responsible for the rapid increase in drag with increasing 
mass -flow spillage. 

Angle of attack. - The variation of total drag coefficient with 
mass -flow ratio is shown in figure 14 for angles of attach to 10°. 

The rate of drag Increase with increasing mass flow spillage was 
essentially independent of angle of attack. As discussed in refer- 
ences 1 and 2, the increase in drag at a given mass-flow ratio 
resulted from the increase in normal force while the axial force 
remained relatively constant. 

The lift and -pitching moment coefficients (which include the 
additive components due to mass spillage) are presented as a function 
of mass -flow ratio for various angles of attack in figures 15 and 16, 
respectively. For the determination of the pitching moment, the force 
on the model due to the inlet flow deflection was assumed to act at the 
cowl lip. The lift and pitching-moment coefficients decreased slightly 
with decreasing laass-flow ratio. At a given mass -flow ratio and angle 
of attack, the lift coefficient increased sli^tly with free-stream 
Mach ntonher hut the moment coefficient remained approximately constant. 
The location of the center of pressure (fig. 17) varied between approxi- 
mately 4.25 and 5.25 diameters ahead of the base. 

At critical mass -flow ratios, the drag, drag incresment, lift, and 
pitching moment varied with angle of attack as shown in figure 18. 

As in references 1 aind 2, the modified theory of reference 6 is in good 
agreement for the moment coefficient at low angles of attack but under- 
estimates the drag increments and lift coefficients. 

The affect of angle of attack on the longitudinal pressure distri- 
bution is illustrated in figure 19 for Mach number 1.79. Additional 
data are presented in tables HI to V. The decrease in upper-surfase 
pressures with increasing angle of attack extended approximately 
2 diameters downstream of the cowl lip. The simultaneous increase in 
lower-surface pressures extended the length of the model. 


Internal -Flow Characteristics 

Zero angle of attack. - The variation of total-pressure recovery 
^3/^0 combustion-chamber Maoh nvimber M3 with mass -flow ratio is 
shown in figure 20. The total pressure P3 is presented as the cor- 
rected value baaed on the corrected mass flow and the average static 
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pressure at the rake station rather than the sli^tly greater value 
indicated by the combustion-chamber survey rake. Combustion-chamber 
Mach number M3 was computed assuming isentropic expansion from the 
annular area at flow station 3 to the area of the combustion chamber 
with the sting removed. At Mach number 1.59 the subcritical total- 
pressure recovery weis invariant with mass -flow ratio, whereas at Mach 
numbers 1.79 and 1.99 the recovery decreased with decreasing laass-flow 
ratio. Maximum total -pressure recoveries of 90, 87, and 79 percent 
were obtained at Mach numbers of 1.59, 1.79, and 1.99, respectively. 

The components of the over-all total-pressure loss are presented 
in figure 21 as the inlet losses APq-e/I’O the subsonic -diffuser 

losses AP2-3 /Po* The average total pressure P2 at flow station 2 
was computed frcm the corrected mass flow and local static pressure. 
Decreasing the mass -flow ratio decreased the losses in the subsonic 
diffuser but increased the inlet losses. 

A comparison of the measured subcritical inlet total-pressure 
recovery P2/P0 calculate recovery, the latter determined 

as in reference 1, is presented in figure 22. The calculated pressure 
recoveries were approximately 5 percent greater than the measured 
values. Good agreement can be seen in the slope of the measured 
and calculated values . 

As shown in figure 23, the total -pressure recovery P3/P2 of 
the subsonic diffuser for subcritical mass -flow ratios was relatively 
independent of Mach number but decreased with increasing mass -flow 
ratio to approximately 94 percent at critical mass -flow ratios. A 
large part of this decrease is attributable to the wake effects of 
the support struts. 

Mach number profiles at. the combustion-chamber inlet are shown 
in figure 24 for Mq = 1.79. The Mach number variation increased and 
the peak velocity moved toward the outer shell as the mass -flow ratio 
Increased. The differences in profiles of adjacent rakes w£is a conse- 
q.uence of the support -strut wake effects. 

Angle of attack. - The effect of angle of attack on the sub- 
critical total -pressure recovery and craabustion-charaber Mach number 
was negligible at Mq = 1.59 (fig. 25). Sli^t reductions in pressure 
recovery occurred at an angle of attack of 10° for Mq = 1.79 and at 
6° and 10° for Mq *» 1.99. Flow instability occurred at 10° for 
Mq = 1.99 for mass -flow ratios less than 0.84. Due to the intensity 
of the instability, no data were taken in this region. 
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The decrease in meviTinTm mass -flow ratio with angle of attack was 
greater at an angle of attack of 10° than that attributable to the area 
reduction which occurs when the inlet area is multiplied by the cosine 
of a. This mass -flow .limitation presumably resulted from premature 
choking in the upper portion of the subsonic diffuser near the leading 
edge of the support struts (reference l) . 

The inlet and subsonic diffuser components of the over-all total- 
pressure loss ^e shown in figure 26 to be essentially independent of 
angle of attack at Mq = 1.79. The minor discrepancy between these 
data and the pressure recovery at 10° angle of attack (fig. 25(b)) is 
attributable to the sli^t differences between models A and B. 

Increasing the angle of attack to 10° resulted in relatively 
greater total pressure and mass flow in the upper portion of the 
subsonic diffuser and possible flow separation from the lower diffuser 
surface. These effects were also noted in references 1 and 2. 


SUMMARY OF EESUITS 

An investigation was conducted at Mach numbers 1,59, 1.79, and 
V 1.99 to determine the force, moment, and pressure characteristics of 
an all -external oompression, conical spike inlet having a supersonic 
cowl lip. The following results were obtained at an average Reynolds 
number of 2,300,000 (based on inlet diameter) for a range of mass flows 
and angles of attack to 10°; 

1. The rapid increase in drag coefficient with decreasing mass 
flow and the increase in minimum drag with decreasing Mach number was 
associated with the increase in additive drag. The drag rise due to 
angle of attack resulted primarily from an increase in the normal force; 
the axial force remained relatively constant. 

2. The variation of additive drag with mass -flow ratio was 
satisfactorily calculated from, a momentum balance and assuming one- 
dimensional flow. 

3. At zero angle of attack and with no mass spillage, the exter- 
nal pressure distribution and hence the pressiu:e drag were satisfactorily 
predicted by linearized potential theory. 
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4. The fricblon dreig was Indepenient of Mach ntanber and mass 
flow and agreed well with the value predicted by the theory for 
tiirhulent compressible flow over a flat plate. 

5. The total -pres sure recovery was in general only sli^tly 
reduced by increases in angle of attack. 

Lewis Fli^t Propulsion Laboratory, 

National Advisory Committee for Aeronautics, 

Cleveland, Ohio. 
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TABLE I - TABLES OF COORDINATES FOR 


8 -INCH RAM-JET CONFIGURATION 


(a) Center 130(17 coordinates (b) Outer shell coordinates 


Station Diameter 


(in.) 

(in.) 


Model A 

Model B 

0.378 

2.800 

2.800 

.500 

2.890 

2.875 

1.000 

3. 12$ 

3.080 

1.500 

3.295 

3.255 

2.000 

3.448 

3.413 

2.500 

3.593 

3.555 

3.000 

3.730 

3.638 

3.500 

j 3.860 

3.815 

4.000 

3.980 

3.935 

4.500 

4.090 

4.045 

5.000 

4.193 

, 4.153 

6.000 

4.382 

; 4.340 

7.000 

4.533 

4.495 

7.750 

4.600 

4.585 

7.910 

4.600 

4.600 

10.000' 

4.585 

4.585 

12.000 

4. '545 

4.545 

14.000 

4.486 

4.486 

16.000' 

4.415 

4.415 

18.000 

4.327 

4.327 

20.000 

4.220 

4.220 

22.000 

4.084 

4.084 

24.000 

3.922 

3.922 

26.000 

3.715 

3.715 

30.030 

3.343 

3.343 


Station 

External 

diameter 

(in.) 

Internal 

diameter 

(in.) 

0.250 

5.660 

5.560 

.500 

5.740 

5.615 

.750 

5.823 

5.665 

1.000 

5.890 

5.715 

1.500- 

6.017 

5.809 

2.000 

6.128 

5.897 

2.500 

6.227 

5.981 

3.000 * 

6.312 

6.062 

4.000 

6.464‘ 

6.214 

5.000 

6.603 

6.353 

6.000 ! 

6.728 

6.478 

7.000 

6.828 

6.578 

8.000 ' 

6.900 

6.650 

8.375 ! 

6.920 

6.670 

9.905 ■ 

6.998 

6.748 

22.000 

7.616 

7.366 

30.000 

8.024 

7.774 

32.000 

8.125 

7.875 

56.000 

8.125 

7.875 


2039 





2039 


NACA EM E50J30 


13 


TABLE II - LOCATION OF STATIC -ERISSURE 
ORIFICES FOR ERESSURE MODEL 


(a) Location of static tutes 
along sLell contour 



Station 

^External 

internal 

0.500 

11.000 

0.500 

1.000 

12.000 

1.000 

1.500 

14.000 

1.500 

2.000 

16.000 

2.000 

2.500 

18.000 

2.500 

3.000 

21.000 

3.000 

4.000 

24.000 

4.000 

5.000 

27.000 

5.000 

6.000 

31.000 

6.000 

7.000 

35.000 

7.000 

8.000 

40.000 

. 8.000 

9.000 

10.000 

45.000 

9.000 



(t) Location of static 
tubes (6 = 0°) 


Station 

Spike 

Island 

-1.00 

8.00 

-0.50 

9.00 

0 

10.00 

0.50 

11.00 

1.00 

12.00 

1.50 

14.00 

2.00 

16.00 

2.50 

18.00 

3.00 

21.00 

4.00 

24.00 

5.00 

27.00 

6.00 

31.00 

7.00 

37.00 


®Two rows of orifices at 0 = 180° and 0 = 270°. 

^0 = 0 °. 







TABLE ni - EXTBBIUL AIS HITSUUL FRE3SBBE COEFFICIENTS OF HACA a-UCE RAJC-J5T COEFIOUBATIOI 
FOR FOOB AW3£3 OF AnACE AT PREE-STREAE MACS IRIIIBBB OF 1.7S 


at*- 

tloa 

a ■ 

0 °; rtj/wLQ ■ 0 . 

040 

a % 

0®5 ■s/“0 * O' 

092 

& ■ 

0°; « 5 /.o - 0.765 

a ■ 

0 °J 1113 /iilo • 0 

.527 

9- ■ 

0°J njjAifl » 0.300 


(a) X^ccxgitxuiliiiil dlBtrdCbn.tlon of Cp« 


QUtor afateXl 

Canter 

Out.r .lull 

banter 

body 

Outer flhe 3 

1 

Qenter 

Outer shell 

Center 

body 

Out«F sh.ll 

Center 

body 

Externnl 

Inter- 

nal 


'Kxteraal 

Inter- 

nal 

External 

Inter- 

nal 


Ext 

UTlAl 

Inter- 

nal 

Extenwl 

■ 

Inter- 

nal 


lao* 

270° 


0 ° 

180° 

270° 

0 “ 

0 ° 

180° 

270° 

0 ° 

0 ° 

180° 

270° 

0 ° 

0 ° 

leo^ 

270° 

0 ° 

0 ° 

- 1.0 




0.604 




0.600 




0.596 








1.364 

- 0.6 


' 


.518 




.646 




1.220 





. 



1.430 

0 




.817 




1,160 




1.340 




1.386 




1.412 

o.e 

0.216 

0.203 

1.112 

.330 

0.128 

0,116 

1.255 

.947 


-0.014 

1.383 

1.U9 

-0.199 

-0.310 

1.540 

1.367 

-0.298 


i.esfi 

1.535 

1.0 

.168 

.163 

1.067 

.980 

.154 

.116 

1J!15 

1.134 

.066 

• 053 

1.360 

1.278 

-.067 

-.080 

1.612 

1.469 

-.ISO 


■mu 

1.690 

315 

.131 

.130 

1.064 


.109 

.096 

1.216 

1.182 

,000 

.066 

1.348 

1.322 

-.084 

-'^054 

1.610 

1.497 

-.110 


1.607 

1.603 



.000 

1.065. 



.074 

1.211 

1.198 


.045 

1.346 

1.335 


-.021 

1.507 

1.606 




1.607 


.067 


1.044 

1.036 

.090 

.060 

1.206 

1.198 

.064 

•046 

1.344 

1.537 

.012 

-.006 

1.50T 


-.015 

-,067 

i.6oe 

1.607 

^K~rS: 


.oes 

1.042 

1.060 


.054 

1.208 

1.198 


.054 

1,544 

1.337 


-.005 

1.508 



-.047 

1.606 

1.607 

^K^rt] 

.048 

.040 

1.056 

1.039 

.036 

.035 

1.206 

1.206 

•028 

.019 

1.544 

l'.S44 

-.006 

-.005 

i.eoe 


-.032 

-.029 

1.606 

1.607 



.085 

1.003 

i.ooe 

• 086 

,020 

1.196 

1.192 


.008 

1.339 

1.559 

-.009 

-.014 

1.6C7 


-.028 

-.064 

1.606 

1.607 

0 tfi 

.018 

.008 

.964 

.937 

.010 

^■TmTI 

1.183 

1.162 


-.006 

1.335 

1.319 

-.00.8 

-.063 

1.507 


-•05£ 

-.036 

1.605 

1.604 

7!^ 


-.004 

.808 

.862 



1.157 

1.150 


-.015 

1,519 

1.510 


-.069 

1.600 



-,040 



6i|0 

U>04 

-.004 

.922 

.805 

'-.!W8 

-.006 

1.166 

1.142 

-.010 

'.pis 

1.526 

1.508 . 

-.083 

-.085 

1.603 

1.497 

-.032 

-.034 

Gw-i*T^ 

; IS 

9& 


-.010 

.861 

.900 

-.006 

-.012 

1.143 

1.165 

-.015 

-.oeo 

1,315 

1.326 

-.084 

-.069 

1.600 

1.508 

-.029 

-.056 


1 ! ^ 

loFo 

-.009 

-.016 


.807 

-.012 

-.018 


1.160 

-.?ae 

-.085 



-.028' 

-.055 


1.510 

-.034 

-.037- 


HI 1 2 

ulo 

UUj^ 

-.QlOi 


. .612 . 

..-•OOT, 

-.012 


1.180. 

-.m3 

-.018, 



-.024 

-«025 


1.613 

-.029 

-.031 


Hi 1 ; M 

ia!o 

■■■'■Oi ; 

-.ooa 

• ) 

.918 




1.221 : 

; -.009 

'-.010 


U 

1 -xso 

'-. 01 a 


•1.6?0r 

,--026 

-.p22i 


^P 1 ! ? 

14.0 

. 0 

.004. 


1.002 


0 ^ 


1.296' 

•mOPJ 

-.004 


1.407 

-.016 

-.012 


1.639' 

: - 4030 

-.016 


H| 1 

le.o 

-.002 

.005 

* 

1.198 

-.006. 

-.005 


1.363 

■4t.0I0 

-.006 


1.446 

-.014 

-.oia 


1.687 

-.018 

-.011 


1 

is.o- 

.006 

.003 


1.276 


-.001 


1.599 

-.001 

-.004 


1.477 

-.007 

-.007 


1.570 

-.008 

-.010 


H 

ei.o 

.008 

.004 


1.377 

.007 

0 


1.462 

.004 



1.519 

-.002 

-.005 


1.691 

-.003 

-.006 


H 

e««o 


.008 


1.469 

.011 

.006 


1.616 

.009 



1.663 

.004 

0 


1.609. 

.004 



B 

27.0 

.006 

.010 


1.514 . 

.006 

.OO0r 


1.656 , 

.004 





-.004 


1.621 

-.002 



B 

31.0 

.007 



1.668 

. .006 



1.682 ' 

.004 

^■n|n 

4 



• 


1.630 

.005 




56.0 

-.016 








-.017 



HM 





-.018 




3T.0 




1.694 


i 


1.680 





^HH|| 



1.639 




1.648 

40.0 

-.010 




'••000 




-.010 



nmf 





-.011 




45. & 

-.013 



' 

IIHES] 




-.013 



■i 



.. 


-.014 

|H 

mi 


1 ' (b) Ci3»xmfQ:r«ni;liX distribution of Op> 




mi 


T Sta- 

Ontor ahall. 

Ontar abell. oxtemal 

Outer shell, external 

Outer jhell, external 

Outer flhell, extemal 

1 tlon 





















GO 

198° 

216° 

234° 

852° 

198° 

816° 

234° 

262° 

198° 

216° 

234° 


Tga 

216° 

234° 

832° 

198° 

218° 


262° 

0.6 

o.eso 

0.237 

0.230 

O.EIS 

0.146 

0.149 

0.142 

0.127 

0.014 

0.017 

0.012 


-0.183 

-0.175 

-0.177 

-0.209 

-0.294 

-0.291 


-0.301 

14.0 

-.005 

-.001 

-.005 

.006 

-.005 

-.008 

-.006 

.002 

-.010 

-.013 

-.Old 

-.004 

-.017 

-.015 

-.014 


-.018 

».<as 

Bimtn 

-.014 

43.0 

-.010 

-.Cfl.0 

-.010 

-.00.2 

-.011 

1BE3 

-.018 

-.012 

-.(XL5 

-.012 

-.015 

-.013 

-.as 

-.015 

-.014 



-.di 

BEiS 

-.014 


f' 


I 



1 1 ■<i'' -'i ti : i«l fi A 


» » 


„'f, j 


NACA BM E50J30 






















































O.10S 0.18S 

-.cao -.ooc 
-•017 -.060 



Outer shell f oxtemal 


O.OM 0.063 0.004 

-.016 -.010 -.013 
-.0X3 -.013 -.018 


Outer ahull • external 


Outer shell I external 



Out.p shall 

external 

1 19B® 

eie® 





KACA IM E50J30 
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TAHLK III - EXTBHUL AHD inSRIAIi PHESaTUffi COKPPjaiBMTS OF MACA S-IHCH RAE-JR OOMPIODHAMOB 
FOR POOR AHBLB8 OP ATTAOS AT PHKB-aTRSAK-llACH ROIIBSR OP 1.79 - Canoluded 


StA- 

tlOfl 

a a 

6°; i»3/»0 * 0.308 

a m 

10 °: «s/»o * O’8io 

a B 

10°; as/no = 0 

.805 

0. B 

10°: = 0.728 





(a) Coaoluded. lAmgltndlnsa dls^Umtlon ax' 

Jp. 





Qutar shell 

0,nter 

bwu j 

Outer ihsl] 

Center 

VaJw 

Outer ehell 

Center 

UjOIw 

MWIAJ 

Outer ahell 

Canter 

. Szternal 

lotftr 

nal 

Bxtemsl 

Inter- 

nal 

fixtemel 

IntMJ- 

iwl 

Brternel 

Inter- 

nal 

9— ► 

iao° 

870° 

0® 

0® 

180° 

870° 

0° 

0° 

180° 

270° 

0° 

0° 

180° 

870° 

0° 

0° 

•1.0 




1.357 




0.777 




0,777 




0.947 

-O.B 




1.438 




.799 




.790 




1.167 

0 




1.485 




.796 




,050 




1.190 

0.5 

-0.348 

-0.31S 

1.696 

1.613 

-0,135 

0.841 

0*677 

.559 

-0.304 

0.181 

1.327 

.568 

-0,260 

0.086 

1.198 

.988 


30v 



1 -SO 

•! ?» 


-4 

OR!? 

_ 


1 

OKA 

n*i A 

j r^ssL 

8 on a 

1 1 nQ 

ila 

-.505 

-Ills 

1.586 

1.380 

-.105 

.146 

.see 

.148 

-.138 

.141 

1.M7 

1.062 

-.189 

sOee 

1,275 

1,255 

e.o 


-*080 

1*688 

1,586 


•115 

•664 

.409 


,109 

1.106 

1,095 


,076 

1.898 

1.888 

8,5 

-.174 

-.052 

1,690 

1.BS9 

-.091 

,095 

.850 

.880 

-.108 

.093 

1.189 

1.194 

-•149 

,066 

1,509 

1.310 

3.0 


-.045 

1.693 

1.691 


,072 

.950 

.946 


,070 

1,151 

1.143 


.047 

1.386 

1.384 

4*0 

-.WE 

*•,068 

1.696 

1,696 

-.094 

.031 

.979 

.976 

-.110 

.054 

1.172 

1.175 

-.136 

.081 

1.341 

1.349 

5.0 

-,116 

-.034 

1.50B 

1.696 

-.074 

.010 

.968 

.968 

-.091 

.010 

1.180 

1.177 

-.114 

-.004 

1.363 

1.864 

6.0 

-.108 

-.044 

1.600 

1.B96 

-.064 

-.016 

.930 

.906 

-.074 

-.019 

1.183 

1.164 

-.003 

-.069 

1.868 

1.349 

7.0 


-.068 

1.69S 

1.698 


-.036 

.876 

.871 


-.058 

1.177 

1.169 


-.048 

1,555 

1.363 

8.0 

-.070 

-.064 

1.601 

1,600 

-.045 

-.048 

.875 

.848 

-.061 

-.046 

1.199 

1.179 

-.067 

-.067 

1.S64 

1.363 

9.0 

-.069 

-.062 

1.601 

1*606 

-.044 

-.064 

.799 

.852 

-.046 

-.066 

1,205 

1.816 

-.060 

-.078 

1.S66 

1.575 

10*0 

-*058 

-.065 


1.604 

-.040 

-.069 


.783 

-.043 

-.074 


1.889 

-.048 

-.081 


1.877 

11.0- 

-.043 



1.604 

-,0C6 

-.078 


.683 

-.03C 

-.079 


1.846 

•*054 

- ,066 


1.387 

le.o 

-.031 

-.064 


4,606 

-.080 

-.060 


.378 

-.025 

-.068 


1.873 

-.037 

-.096 


1.403 

14.. n 

M .nPA 

•p.rwn 


1 .Rll 

-.nog 

-.085 



-.014 

-.096 


1.327 

-.017 

-*101 


1.438 

16.0 

-.016 

-.067 


i.eia 

-.004 

-.096 


.778 

-.006 

-.104 


1,371 

-.008 

-.111 


1.470 

18*0 

-.007 

-*060 


1.619 

• 006 

-.108 


.924 

,004 

-.118 


1.406 

,001 

-.118 


1.493 

81.0 

- ,003 

-,046 


1.684 

.011 

-.107 


1.058 

*008 

-.117 


1.455 

• 000 

-*1B4 


1.688 

84.0 

0 

-.057 


A. 689 

.014 

-.097 


1.161 

.018 

-.106 


1.496 

.009 

-.111 


1.669 

OPT r\ 

_ /vu. 

_ 


1 

iM 1 

_ /MH 


1 O.TA 

(Vta 

» . noA 




- non 


1 .KRfl 

5llo 

0* 




,012 



1.878 

.011 



1.661 

.009 



1.693 

S5.0 

-.026 




-.080 




-.083 




-.083 




57,0 




1.687 




1.618 




1.600 




1.617 

40.0 

-.011 




-,005 




-.004 




-.006 




4S.0 

-.013 




-.018 




-.013 




-,018 









{b) Gonoluded* Olroiuifftrantlal 

dljtrlbutlon of Op. 





StQ- 

Outsx* shall 1 sxtarnfll 

Outer abell, externel 

Outer shelly external 

Outer ahell j external 


















S.Tt:. 

199° 

816® 

834® 

258° 

198® 

816° 

834° 

862° 

198° 

816° 

854° 

868° 

108° 

816° 

834° 

888° 

O.D 

-0.348 

-0.557 

-0.389 

-0.386 

-0.104 

-0,045 

0,057 

0.139 

-0,176 

-0.126 

-o;q61 

-0,042 

-0.251 

-0.809 

-0.137 

-0.084 

14.0 

-.031 

-.048 

-.068 

-,06B 

-,092 

-.049 

-.079 

-.104 

-.086 

-.050 

-.066 

-.117 

-.029 

-.053 

-.090 

-.184 

43.0 

- .019 

- eUKO 

-.026 

- .041 

-*u5S 


-.043 

-*u62 

-.u55 

- .Oio 

- ,046 

-,064 

- iUiJ5 

— .045 

. -,047 

=t054 



H 


NAiOA m S50J30 OWMaBRSIfi^ 




NACA BM E50J30 
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'FJM.R IV - HXTKHKiL ABD IHTaRlIAL PRES3DRB COEPPIOIEMTS S-IHCH HAH-JEf aOHPICHJRATIOS 

POR FOUR ANOUS OF ATTACK AT PRSB-^STREAX MACH HUUBES OP ITH KODSL ROTATED 1B0° - Contlmud 


0yo ,— 

tioa 

<t X 

o°i V*o = 

886 

— 

as 

5°; Mj/mg = 0 . 

940 

— 

3"; “ j / bIq a 0. 

893 

B 

5°; > 3 /^ ^ 0 . 

754 





(a) 

Continued. Longitudinal, distribution of Gp. 





Outer shell 

Center 

body 

Outer shell 


Outer shell 

Center 

body 

Outer ahbll 

Center 

body 

Extsmal 

Inter- 

nal 

External 

Inter- 

nal 

External 

Inter- 

nal 

External 

Inter- 

nal 


0 ° 

90° 

180° 

180° 

■i 

90° 

180° 

1 ^ 

0 ° 

90° 

180° 

180° 

0 ° 

0 

0 

a 

160° 

180° 

- 1.0 


mm 


1.368 




0.432 




0.458 




0.586 

- 0.6 




1.454 




.431 




.606 




1.168 

0 


■■ 


1.606 




.627 




1.168 




1.852 

0.6 




1. S 58 

0.686 

0.201 


960 

0,877 

-0.138 



0.139 

0,010 


1.178 

1.0 

-.848 

-.848 

1.606 

1.697 

.268 

.168 

1.163 

1.087 

.830 

.131 

1.868 

i.m 

.167 

.060 

1.366 

1.515 

-V 

•"•140 




ilttV 

1 1«4 



• Xal 

• Iwrr 



•lev 

t 0 o 9 



8.0 

-.090 

-.094 

1.606 

1.608 

.166 

.098 

1.131 

1.101 

.162 

.083 

1.831 

1.808 

.188 

.066 

1.870 

1.562 

8.6 

-.071 

-.064 


1.606 

.146 

.084 


1.107 

.136 

.073 


1.815 

.116 

.064 


1.558 

6.0 


-.061 


1.605 


.068 


1,097 


.059 


1.810 


.041 


1.556 

4.0 

-.048 

-.038 

1,606 

1.606 

.067 

.048 

1.100 

1.099 

.080 

.038 

1.206 

I.BIO 

.066 

.024 

1.363 

1.366 

5.0 

-.060 

-.060 


1.606 

,078 

.027 


1.071 

.064 

..026 


1.191 

.065 

.013 


1.346 

6.0 

-.039 

-.066 

1.603 

1.602 

.061 

.010 

1.043 

1.017 

.046 

.006 

1.178 

1.162 


-.008 

1.537 

1.323 

7.0 


-.066 


1.608 


-.001 


.988 


-.004 


1.131 


-.018 


1.312 

e.o 

-.036 

-.028 


1.602 

,085 

-.003 


.966 

.031 

-.006 


i.loe 

.021 

-.010 


1.898 

9.0 


-.083 


1.608 




.961 


0 


1.111 




1.309 

10.0 

-.026 

-.083 


1.602 

.038 



.880 

.033 

-.006 


1.096 

.088 



1.306 

11.0 

-.025 

-.026 


1.606 

.021 

-.010 


.988 

.018 

-.010 


1.106 

.009 



1.313 

IS.O 

-.018 

-.007 


1.604 

.069 



1.038 

.036 

.005 


1.156 

.086 



1.337 





j . iei.0 


• UOO 


1. X 70 




ImUDO 

• gx » 

-• UU 7 


X .56 U 

16.0 

-.030 

-.084 


1.616 

.008 

-.016 


1.863 

.006 

-.018 


1.586 

.001 

-.088 


1.431 

18.0 

-.006 

-.016 


1.619 

.008 

-.018 


1.334 

.006 

-.018 


1.379 

.004 

-.019 


1.466 

21.0 

0 

-.010 


1.626 

.023 



1.486 

.081 

-.007 


1.466 

.016 

-.010 


1.613 

PA n 

__ / W > 

_ rt "! n 


1 . AAfI 


^ m ft 


1 ^ 

. npn 

"•010 


1 - . K1 A 

j m .R 

ss ^ OlS 



27.0 

-.007 

-.004 


i .636 

.006 

-.007 


1,561 

. tx » 

-.008 


1.656 

.004 

-.009 


i.era 

61.0 

-.003 



1.638 

.010 



1.586 

.006 



1.686 

.006 



1.698 

66.0 

-.083 




-.016 




-.018 




-.016 




57.0 




1.669 




1.638 




1.619 





40.0 

-.010 




-.008 




-.006 




-.006 




46.0 

-.013 




-.010 




-.010 




-.010 




(b) Continued. ClrouBfej-entlal dlstirlbutlon of C„. 

JK 


St a- 

Outer shell ■ oxtemel 

Outer Bhellt external 

Outer 

shell 1 

external 

Outer aheXX 

, external 

tlOQ 

















9—^. 

18° 

86 ° 

64° 

ksm 

10 ° 

56* 

64* 

78° 

18° 

66 * 

54° 

72° 

la» 

mrm 

64° 

78° 

0.5 

-0.334 


-0.338 

H«IFW 


0.381 

0,896 

0.858 

ES^ 

0.269 

0.840 

0.1 B 9 

0.141 

kiKVy-M 

0.109 

0.064 

14.0 

-.087 

-.060 

-.086 

-.018 

-.016 

.008 

.008 

.018 

.013 

.006 

.001 

.010 

.007 

-.002 

-.007 

-.004 

45.0 

-.018 

-.018 

-.013 

-.016 

-.007 

-.010 

-.016 

-.080 

-.006 

-.010 

-.016 

..020 

-.009 

-.011 

-.016 

-.020 






/ 


H 

CO 



















































TABLE 17 - KXTmMAIi ABD DHJSRaAL PRB36DEB COSyiCIEHTS OP 8ACA 8-IMCH RAM-JBT OOHPIOURATIOB 
FOR POOR AMGLE& OF ATTAGC AT FHEE-3TRSAM MAOE HOUSER OF 1*79 WITH MODEL ROTATED 180^ - Continued 


sta- 
ll OD 

a ■ 

3°; mj/bq ■ 0. 

617 

a a 

3°; mg/niQ = 0. 

291 

a a 

6°} • 0. 

940 

a • 

6°; ng/WQ ■ 0. 

886 






(a] Continued. 

Longitudinal dletrlbutlon of 0^. 






Outer Ehell 1 

Centsp 

Outer shell 

Center 

body 

Outer shell 

Center 

body 

Outer shell 

Center 

bod. 


Eztemuil 

Intap- 

RBl 


External | 

Inter- 

nal 

External 

Inter- 

nal 

External 

Inters 

nai 

9-— » 

0® 

90° 

180° 

180° 

0° 

90° 

180° 

180° 

0° 

90° 

180° 

180° 

0° 

90° 

180° 

180° 

-1.0 




1.263 




1.S5S 

. 



0.364 




0.365 

-0.5 




1.329 




1.427 




.363 





0 




1.401 




1.505 




.448 


HH 



0.6 

-0.066 

-0.230 


1.591 

-0.307 

-0V336 


1.545 

0.448 



1.026 • 





1.0 

.025 

-.065 

1.525 

1.491 

-.123 

-/261 

1.616 

1.696 

.345 


1.196 

1.117 



1.307 


1.5 

.049 

-.032 



-.055 

-.132 

* 


.278 




.267 

■nju 



2.0 

.059 

-.018 

1.625 

1.617 


-.094 

1.6U 

1.6CS 

.237 


1.124 

1.090 

.289 


1.277 


2.5 

.064 

-.005 


1-663 

.001 

-.064 


1.606 

.214 



1.092 

.209 

.060 



5.0 


-.003 


1.522 


-.052 


i.eoe 


.076 


1.078 


.065 



4.0 

.058 

-.007 

1.517 

1.522 

.009 

-.038 

1.606 

1.606 

.140 

.046 

1.068 

1.069 

.136 

.054 

1.232 


5.0 

.051 

-.010 


1.617 

.009 

-.032 


1.601 

.113 



1.088 

.114 

,010 



5.0 

.016 

-.020 

1.512 



-.058 

mwm 

1.601 

.094 


.088 

.960 

.-090 

0 

1.187 


7.0 


-.086 




-.040 


1.699 

’ 



.908 


-.015 



8.0 

.008 

-.083 


1.497 

-.004 

-.033 


1.696 

.068 

^9 I K 


.914 

.063 

-.017 



9.0 


-.018 


1.502 


-.030 


1.698 


-.020 


.926 


-.019 



10.0 

.010 

-.021 



0 

-.031 


1.696 

.071 

-.021 


.824 

,067 

-.024 



U.O 

-.005 

-.084 



-.010 

-.031 


1.698 

.061 

-.018 


.629 

.047 

-.087 



12.0 

.008 

-.010 



.009 

-.018 


1.601 

.080 

-.015 


.467 

.069 

-.025 


1.104 

'14.0 

. .006 

-.015 

1 


-.003 

-.£)20 


1.607 

' :.059 

-.020 


1.049 : 

.065 

-.030 


r.217 

16.0 

-.007 

-.028 


1.661 

-.012 

-.053 


1.613 

.038 

-.040 


1.176 

.028 

-.047 


1.300 

18.0 

0 

-.023 


1.867 

-.003 

-.024 


1.618 

.026 

-.046 


1.263 

.024 

-.048 


1.365 

,81.0 

.010 

-.015 


1.688 

.006 

-.018 


1.624 

.041 

-.030 


1.574 


-.035 


1.447 

24.0 

.010 

-.016 


1.607 

.006 

-.018 


1.631 

■liLJ 



1.462 

.035 

-.038 


1.512 

87.0 

.001 

-.010 


1.621 

-.008 

-.013 
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TABLB IV - EXTBRSAL ASD I5TKRHAL . PHESfiJIBE COKfVIClEHTS ' 0? KACA 8-IICH RAK'-JET COHPIQORATIOH 
FOR POUR ARCO^S OP ATTACK AT PBKB-STRBAM MACH HUMBBR OP 1.7B WITH MODEL ROTATED 180° - Oonoludad 
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TABLE V - EXTERIAL ADD IBTffilAL PH^DHE COffiVIOrEllTS W HACUi 8-1^ HAM-JET COKPIOOHATIOI 
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UBI.X V - £XXEBH*L ASS IHIERIUli FRSSSOBE CdEfTlCXENTS OF BACA B-IBCB BAB-JET COHFIOQBAXIOII 

FOR FOUR ASQLBS OF ATTACK AT FREE-STREAII MACH KDMBBSt OF 1.99 - Conoludad . 
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Figure 5. - Variation of minimum drag coefficient with free-stream 
Mach number at zero angle of attack. Model B, 
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Flgura 6. - Irfuigltudlnal vurlablon of extarnal praaiura ooaffiolant at aaro angle of attack for a ranga of aaii-flo* ratloa at two Mach nuabara. 
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Figure 8. - Variation of Mach-number distribution in boundary layer at zero angle of attack 
friT. -«in(TA of- mnaa-flQw ratloB at two Mach numbers. Station 51.03. 
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Figure 9. — Oomparlson of experimental and power-law boundary— layer profiles at zero 
angle of attack for range of mass-flow ratios and two Mach numbers. 
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Figure 10, - Variation of friction drag coefficient with mass- 
flow ratio at zero angle of attack for two Mach numbers. 



Figure 11, - Comparison of experimental skin-friction drag 
coefficients with two-dimensional compressible flow theory 
at two Mach numbers. 
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Figure 13. - Variation of components of total drag coefficients 
with mass-flow ratio at zero angle of attack for two Mach numbers. 
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Figure 13. - Concluded. Variation of ccanponents of total drag 
coefficients with mass-flow ratio at zero angle of attack for 
two Mach numbers. 
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Figure 18. - Vetrlation of external aerodynamic coeffloientB with angle of attack 
at critical nass-flow ratios for three Uaeh nunbers. Model B. 
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Figure 19 . - Longitudinal variation of external pressure ooeffielents at constant 
mass-flow ratio of 0.940 for four angles of attack. Free-stream Haoh number 1.79. 
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Figure 20 * - Variation of total-pressure recovery and combustion- 
chamber Mach number with mass-flow ratio at zero angle of attack 
for three Mach numbers. Model B. 
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Figure 21. - Variation of components of total-pressure loss with 
mass-flow ratio at zero angle of attack for two Mach numbers. 
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Figure 22, - Comparison of experimental inlet losses with theory at 
zero angle of attack for range of mass-flow ratios at two' Mach 
mmibers. 



Figure 23. - Variation of subsonic-diffuser recovery with mass-flow 
ratio at zero angle of attack for two Mach numbers. 
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Figure. 25. - Variation of total-pressure recovery and combustion 
chamber Mach number with mass-flow ratio at four angles of 
attack for three Mach numbers. Model B, 
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Figure 25, — Continued, Variation of total— pressure recovery 
and combustion— chamber Mach number with mass-flow ratio at 
four angles of attack for three Mach numbers. Model B. 
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Figure 26, - Variation of inlet and subsonic-diffuser losses with 
mass-flow ratio at four angles of attack. Free— stream Mach 
n^aIlber, 1,79, 
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